Bawean Island has attractive biodiversity and natures that are potential for development. The present study was aimed to investigate (i) the potential of Bawean Island's natural resources for ecotourism (ii) local knowledge of Bawean people on plant diversity and uses, and (iii) the potential of plants for commodities supporting ecotourism development. The potential of Bawean Island for ecotourism was examined based on data of attractive natural environments, while the local knowledge was obtained by interviewing Bawean people and observation of the daily practical use of plants. Various plants were analysed for their potential as commodities suppporting ecotourism. The results showed that Bawean Island has high potential resources for ecotourism. It is ranging from beaches, mountains, rivers, plant diversity, and endemic animals. The local knowledge showed that Bawean has plant diversity with various potential uses. There were 81 plant species traditionally used by Bawean people, including plants for foods (40 species), ornamental plants (15 species), timbers for housings and buildings (9 species), medicines (8 species), natural dyes (4 species), and other uses (5 species). Various plant species potential as the commodity supporting ecotourism development included Abelmoschus manihot (traditional food), Diospyros discolor (fresh local fruit), Nypa fruticans and Pandanus tectorius (local handicrafts), Phalaenopsis amabilis (ornamental plants or cutting flowers). The use of plants in Bawean Island needs to consider the sustainable use of plants and conservation approaches.
INTRODUCTION


Bawean Island is a small island located between Java and Kalimantan. It has many attractive natural environments and resources include Solomon River, Ria Beach, Tanjung Ori Beach, Pacinggahan Beach, Mayangkara Beach, Bangkuang Mountain, Laccar Waterfall, and Bawean Deer Sanctuary that are potential in the development of Bawean for ecotourism. Various natural sources such as mountains, forests, plateaus, shores, lakes, rivers and the diversity of flora and fauna are known as a part of ecotourism sources [1] .
The principles of ecotourism are based on the sustainable tourism with awareness to natural environment protection and conservation; the increase of economic growth of local community; and community social progress [2, 3, 4] . With the attractive natural environment and sources and people resources, Bawean Island is potential to be developed as ecotourism.
Bawean is also endowed with plant diversity that has many potential uses. Local knowledge on plant diversity is important to increase understanding of the uses of plants based on the empirical experience of the people and to improve the utility of the plants that can be developed as commodities that support the development of ecotourism in Bawean.
Local knowledge is knowledge and beliefs that are embedded in community practice, based on experience that are transmitted through generations [5, 6] . Local knowledge is related to ethno botany that explores the relationships between people and plants, and the environments [7] . Plants are a part of biological resources for human beings that can be used to obtain the benefits and to supply all basic needs (food, health, and industrial products) [6] . Research on ethno botany that explore the local knowledge of the indigenous people on plants has been widely conducted, such as in Sumatra [7] , Kalimantan [8] , Jambi [9] , Maluku [10] , even across the world; such as in North America [11] , Nigeria [12] , Russia [13] , Pakistan [14] , and India [15] .
Plant diversity and uses can be used to support the development of ecotourism. Various plant species that have unique uses can be developed as commodities in the development of ecotourism in Bawean, such as traditional food and handicrafts.
The aims of the present study were to investigate (i) the potential of Bawean Island for ecotourism, (ii) local knowledge of Bawean (Trimanto et al) people on plant diversity and use, (iii) the potential of plants for commodities supporting ecotourism development. The general aims of the present study were to support Bawean for ecotourism and to increase awareness of conservation and socio-economic progress of Bawean people as well as the conservation of plant diversity in Bawean through sustainable use of the plants to support the development of ecotourism in Bawean.
Local Knowledge on Plant Diversity in Supporting Ecotourism in Bawean Island
METHODS
The potential of Bawean Island ( Fig.1 ) for ecotourism was analysed by exploring attractive natural environments in Bawean including beaches, rivers, waterfalls, lakes, and sanctuaries. This exploration was through direct observation and visit to the natural environments and through data from website. The local knowledge of Bawean people was investigated through interview, questionnaire, freelisting, and direct observation. Focus of the investigation was the use of plants in local people daily life in Bawean. The study was conducted in two districts in Bawean, Tambak and Sangkapura [16] . Respondents were randomly sampled in several villages in both districts Tambak and Sangkapura. Several villages sampled were Patar Selamat, Pudakit Barat, Pudakit Timur, Dekat Agung, Bulu Lanjang (Sangkapura), Tanjung Ori, Paromaan, Tambak (Tambak). Total of sampled respondents were 100 adults. The interviews were conducted by asking several information of plants, the use, how to use, and how to cultivate or propagate the plants.
Direct observation was conducted on how to use the plants and how to cultivate some particular plants. Cultivated plants were observed in Bawean people's home gardens. Wild plants used by Bawean people were also observed the wild (forest area in Bawean). Field survey was supported by elder Bawean people who have local knowledge about the wild plants. Each sample of ethnobotanical plant specimen was documented. Data were analysed descriptively. The potential of plants that can be developed as commodities to support ecotourism in Bawean was analysed through selection of the uniqueness of the plants and their uses.
RESULT AND DISCUSSION The Potential of Bawean for Ecotourism
The results showed that Bawean has many natural environments that are potential in ecotourism development (Table 1 ). There are several attractive natural environments in Bawean including beaches (Fig. 2) , lake, waterfall, sanctuary, mountains (Fig. 3) and small island near Bawean island. Some beaches in Bawean such as Ria beach, Mayangkara Beach, Kuburan Panjang beach, and Tanjung Gaang beach with their white sands are important objects for the ecotourism development. Apart from beaches, there are Kastoba lake, Laccar waterfall, Bawean deer sanctuary (Fig. 4) , and small island near Bawean. These can support ecotourism development in Bawean. In line with the definition of ecotourism that was coined by Ceballos Lascurain in 1993 that ecotourism is a journey to visit and enjoy natural environments that hold principles on the conservation and minimum visitor impacts, and increase the involvement of local community for their socio-economic progress, the plans of the development of Bawean for ecotourism should be made by involving the local authorities government and the local community. Appropriate policy for ecotourism is required to protect environment for conservation, to lower adverse impacts of visitors, and to regulate the involvement of the local people in the development of ecotourism [17, 18, 19] .
Local Knowledge of Plant Diversity and Uses
The present study also showed the local knowledge of Bawean people on the plant diversity and uses. Based on the data of interviewing Bawean people, there were 81 plant species used by Bawean people for various purposes in their daily life. Commonly, Bawean people conducted conservation approaches in using the plants, through plant cultivation for the sustainable use of the plants, especially plants that have important values, such as plants that are potential as food resources. They grew the plants in the home yards or fields around their houses. A large area of rice field is located near settlements.
The patterns of the use of plants by Bawean people can be categorised as plants for consumption, medicines, timbers for housings or buildings, ornamental plants, natural dyes, and other uses ( Based on the place in which the plants grow, the plants can be categorised as (i) the wild species and (ii) the cultivated species (Fig 6) . Bawean people mostly used cultivated plant species (69 species; 85%) compared to the wild ones (12 species; 15%). 
Local Knowledge on Plant Diversity in Supporting Ecotourism in Bawean Island (Trimanto et al)
The highest proportion on the use of plants by Bawean people is for consumption or as food resources. Fourty one plant species often used for food has been documented. The use of these plants are for main food (staples), fruits, vegetables, and flavors, etc. Rice (Oryza sativa) is the main food source (staple) of Bawean people, therefore, the majority of fields are planted with rice. Romo variety is the most chosen rice variety by Bawean people (Fig. 7) . Many Bawean people grow rice for their own need of food. Our observation on the rice cultivation by Bawean people showed that the cultivation methods they used was simple and classic including the system of the application of fertilisers, the management of treatments of pests and diseases, and inefficient methods of harvesting. Therefore, the yields from rice harvesting is not optimal. Best management practices for high yield rice needs to be introduced and practiced in Bawean. Other plant species used as food alternatives are corns (Zea mays), Canna indica, sweet potatoes (Ipomoea batatas), Xanthosoma sagittifolium, etc. Food source from tuber-producing plants can be potentially developed in this island as the typical soil in this island is relatively loamy and dry.
Various plant species were also consumed for fruits (Table 2 ). These commodities are vital for Bawean people as Bawean Island is far from other places. To meet the basic needs on fruits and vegetables, Bawean people grow some plants as the source of fruits (Table 3) and vegetables (Table 4) for their own consumption. Banana is a popular fruit in this island. At least more than 10 banana cultivars we found in Bawean island, such as banana Elang, Molin, Lampeneng, Klombu, Sanah, Kismis, Keleng, Kepok, Sepet, Alas, Biji, Kapal, Sobo, etc. They cultivated these bananas in their garden. Some mango cultivars were also grown in this island. Other local fruits that we found were Diospyros discolor, Limonia acidissima (Kawista), Psidium guajava (guava), Manilkara zapota (sawo kecik), Salacca zalacca (salacca). Local fruits are also commodities for sale in their traditional markets. Some vegetables are grown in the home yard or in the field and used for daily consumption. The characteristic vegetables of Bawean people are sayur kacang lendir made from (Abelmoschus manihot) that are cooked in soup. Other vegetables often consumed were the stolon of Colocasia esculenta, Vigna unguiculata, Sesbania sesban, Psophocarpus palustris, Muntingia calabura, and Momordica angustisepala. Some plants were grown for spices and cooking ingredients such as celeries, chilies, tomatoes, cumins, and other plants of a family Zingiberaceae, etc. The availability of vegetable plants in their homes are important as the price of vegetables in the markets is relatively expensive. The various food sources in Bawean Island are potential for food diversification, which is important for the sustainable food security in this island on the basis of the diversity of Bawean local food source. 
Bawean people have a modern life style, therefore, doctors and hospitals are the first destination to go when they are sick. However, some Bawean people also use some plant species as herbal medicines to maintain their fitness or when they are sick. Those plants are planted in their home yard, such as Benincasa hispida usually used to prevent from a sore throat (pharyngitis), Rhinacanhtus nasutus for external application for itchy skin and used for stomachache, Sauropus androgynus used for fevers. Citrus aurantiifolia and Piper crocatum were used to treat cough and wounds, respectively ( Table 5 ).
The structure of house of most Bawean people, except, people living near forests and beaches, has been modern. The structure of house in the town is from concrete materials, while houses of people living near forests and beaches were built from woods and timbers. The diversity of plants by Bawean people living near forests is used for housings and furnitures (Table  6) . A variety of woody plants (trees) is often used for the parts of houses such as house pillars and roofs. Some plant species used for buildings and furnitures are directly collected from forests. Irvingia malayana is mostly chosen by Bawean people as the local timbers for the structure of house pillars and roofs. Irvingia malayana was a dominant plant in the forest. it is favourite feed of endemic deer Axis kuhlii [20] . Many people also grew other woody plants such as Swietenia mahagoni (mahoni), Tectona grandis (teak) and Gmelina arborea (white teak). The abundance of leaves of Nypa fruticans near the beach was used for the roofs of huts in the rice fields and farms. 
The use of plants by Bawean people to decorate their house was unique. The people loved to make their home more beautiful and artistics, therefore, many plant species were used for house decoration, such as orchids. The orchids were collected from the forests, such as Phalaenopsis amabilis and Dendrobium anosmum. Plant species that have colourful flowers are the choice of Bawean people to make their home cosy and beautiful, such as Euphorbia milii, Mirabilis jalapa, and Ixora coccineae. Crotons such as Codiaeum variegatum are also chosen as they have glossy multicolored foliage and it is easy to plant them. The needs of ornamental plants (Table 7) are also important for Bawean people. However, there was no cultivation or propagation of ornamental plants in Bawean island.
The use of plants by Bawean people for natural dyes was for colouring foods, such as cakes or dishes (Table 8) . Curcuma longa with its natural yellow is usually used for cooking karee. This plant species is sometimes used for herbal medicines. For green colour for the cakes and and pastries, people use the extracts of leaves of Pandanus amaryllifolius and Dracaena angustifolia. Lawsonia inermis is used for nail dyes. The plants used for dyes are usually grown in the home yards. Wild plants in the forests are useful for important animals in Bawean island, such as Tacca palmata being the feed source for birds. Groundcover plants such as grasses, ferns, and herbs, also ripe fruits falling from forest trees being the feed source of the Bawean endemic deers. Some plant species were also cultivated for the feed source of the deers in the sanctuary. Other uses of plants are for handicrafts, such as Pandanus for mats, handicrafts ( Table 9 ).
The sustainable use of plants by Bawean people through daily use and propagation or cultivation in a large number for daily uses (Fig.  8 ) in long terms is one act of conservation as this can increase the chance of plants to survive. The known functions of the plant species for people daily lives can increase the awareness of people for the availability of plants all the times. Thus, it can reduce the risk of plants to become extinct. We can learn from Bawean people, that in some parts, they consider conservation aspects in using plants in their daily lives through the use of cultivated plants, for the food source and herbal medicines. However, in the use of plants for housings or buildings, some Bawean people, especially people living near the forests, directly collected the woody plants from the forests and conducted logging in forest areas. These can threat the survival of woody plants and lead to the forest damages. Conservation of woody plants and forests needs to be considered to be as the main priority. Conservation through cultivation or plantation of woody plants needs to be created (i) to meet the needs and demands for timbers for housings and (ii) for forest rehabilitation purposes. This conservation program needs to be socialized to Bawean people.
The present study on the local knowledge of Bawean provides information of the various uses of plant diversity. This confirms the essential role and the importance of plants for human beings as the plants are the source of foods, herbal 
The Potential of Plants for the Commodity Supporting Ecotourism Development in Bawean
There are some plants that are potential to be developed as commodities to support ecotourism in Bawean, such as traditional food and souvenirs (Table 10) . Bawean island has traditional food, kacang lendir, which is made from Abelmoschus manihot. This is potential to be developed as commodities as Bawean traditional food that can be sold to support ecotourism in Bawean. Some fresh local fruits are also potential commodities for ecotourism, such as Diospyros discolor, Manilkara zapota, Musa acuminata, and Limonia acidissima. Limonia acidissima can also be processed for syrups as commodities. Local handicrafts as the characteristic of Bawean, such as local mats and hats made from Nypa fruticans and Pandanus tectorius, are also potential to be developed as commodities for ecotourism in Bawean (Table  10) . Musa acuminata and Dioscorea hispida can be processed for crackers that can be sold to support ecotourism development. Dioscorea is used by locally people in east java especially in Nganjuk and it is easy to be cultivated [21] . Phalaenopsis amabilis and Dypsis lutescens are potential to be developed as commodities of ornamental plants. Bawean island has a distinctive sanctuary with its endemic deer. The feed of the deers is leaves of Irvingia malayana. This species can be developed as the feed source for the deers and can be a part of tour service of feeding the deers with its leaves in the sanctuary to support the ecotourism development (Table 10) .
The involvement of local community in Bawean is important to support the production of those commodities for the development of ecotourism in Bawean. It can benefits the local community by increasing their income and to support the socio-economic progress in Bawean.
The production of those commodities that are sourced from plants needs to consider conservation of the plant species. The plant materials used in the production should not be harvested from forests as it can decrease the population of plant species in their natural habitat and threaten the existence of the plants. The plants that are used for the production of those commodities should come from propagation that can regenerate a large number of plants.
CONCLUSION
Bawean island with its attractive natural environments is potential for ecotourism. The local knowledge of the Bawean people on plant diversity and uses is important to increase understanding of the potential uses of plants and the potential for the development of plants for commodities that can support ecotourism in Bawean.
